Purpose: To review, compare, and contrast recovery of potency after robot-assisted radical prostatectomy with specific regard to thermal and excisional nerve injury. Our goal was to compare intensity of injury and ability to recover potency in order to stratify risk by injury type.
INTRODUCTION

A
LTHOUGH OPEN RADICAL retropubic prostatectomy historically has been the "gold-standard" treatment for prostate cancer, the maturation of laparoscopic radical prostatectomy (LRP) and subsequently robot-assisted laparoscopic prostatectomy (RAP) are clearly making inroads. The first laparoscopic radical prostatectomy was reported in 1992. 1 In 2000, two institutions in Europe demonstrated feasibility of LRP, while showing a decrease in blood loss, postoperative pain and narcotic use, shorter hospital stay, and improved cosmesis. 2, 3 However, even in the hands of experienced laparoscopic surgeons, LRP techniques remained challenging, limiting its popularity, especially in the United States. The advent of the da Vinci surgical robot (Intuitive Inc., Sunnyvale, CA) has further revolutionized the surgical management of prostate cancer. Robotic systems allow an intuitive laparoscopic approach with 10-12x visual magnification and 6°range of motion that is tremor free.
The introduction of an anatomical dissection to preserve the neurovascular bundles (NVBs) as first described by Walsh et al. 4 was and remains one of the most significant landmarks in urology and surgical management of prostate cancer. Preservation of sexual function continues as a formidable quality-of-life issue with this surgery. However, how to maximize preservation of sexual function remains a controversial and heated topic.
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There is no question that age and preoperative assessment of potency status are important factors that influence recovery of postoperative sexual function. [5] [6] [7] The institution of validated questionnaires such as the 5-item International Index of Erectile Function (IIEF-5) appears to reasonably address the issue of defining potency. Impotence has been tightly linked to increasing age, atherosclerosis, hypertension, and hypercholesterolemia. It is common sense that a radical prostatectomy will not make an impotent man potent. It logically follows that healthier and younger men (and their cavernosal nerves) should tolerate the trauma of the surgery better then less healthy and/or older men. In addition to health status and age, preservation of potency relies on (1) physical preservation of the neurovascular bundles, (2) reduction of surgical trauma, and (3) recovery ("rehabilitation") of nerve function after surgically induced injuries with 5-phosphodiesterase (PDE) inhibitors, etc. Neurological injuries occurring to peripheral nerves (as opposed to central or spinal cord injuries) were classified by Seddon in 1943 8 as permanent (neurotmesis), intermediate (axonotmesis), or transient (neurapraxia). Injuries such as wide excision, partial excision, transaction, and incision are likely to result in a permanent injury when no continuity exists for remaining nerves to regrow. 9, 10 Temporary injuries, in contrast, require preservation of the physical platform of the nerve allowing for recovery (neurapraxia) and/or regrowth (axonotmesis) from the point of injury. 10 Temporary injuries likely include factors such as traction or stretch, thermal, ischemic, and minor crush injuries. This review explores our experience with the impact of volume of nervous tissue removed/preserved (i.e., bilateral versus unilateral preservation), cautery versus cautery-free technique, and an assessment of traction injury. We stepwise examine our results in an effort to identify and stratify factors for their relative impact in preserving sexual function.
MATERIALS AND METHODS
We report potency outcome results after RAP on patients 41-65 years of age with preoperative IIEF-5 scores of 22-25 in our first 500 consecutive cases. Figure 1 depicts the distribution of men with IIEF-5 scores of 22-25 relative to age in our patients. Over the course of our experience, we had primarily just one major alteration of our technique with the vascular pedicle and NVB. 11 In all cases we used a descending approach; in cases 1-15 the vascular pedicle was divided with monopolar cautery; cases 16-125 the vascular pedicle was divided with bipolar cautery and scissor. From cases 126-500 we have used a cautery-free technique utilizing bulldog clamps. 11 All patients were prescribed 5-PDE inhibitors beginning immediately postoperatively and continuing for 1 year. Demographic data are listed in Table 1 .
Pre-and postoperative potency was assessed prospectively with self-administered and validated questionnaires (IIEF-5). Postoperative potency was defined by affirmative responses to erections hard enough for penetration and whether the erections were satisfactory with or without 5-PDE inhibitors. Men using any other erectile aids such as a vacuum device, intraurethral suppositories, or injections were considered impotent.
RESULTS
Graphic representation
Figure 2a depicts expected slow and steady decline in potency in a hypothetical group of 100 men over a 24-month period assuming no surgical intervention. One would expect some level of decline, which would probably be about 2% per 2 to 3 years. In this figure, we also have included anticipated return of sexual function assuming no attempt to spare the NVBs. However, in distinction to non-nerve sparing, wide-excision (either unilateral or bilateral) is likely a very different physical outcome as compared to "non-nerve sparing." Studies indicate as little as 7% return of function to as high as 35% for "nonnerve sparing"; 12, 13 we have for sake of compromise selected 20% as a fairly neutral result.
Cautery technique. Figure 2b and Table 2 depicts our experience with return of potency using cautery dissection and includes both mono-and bipolar cautery in cases 1-125 and uni/bilateral nerve preservation. The use of cautery caused a profound loss of (Ͼ90%) of sexual function at the first 3-month AHLERING ET AL. 746 BNS ϭ bilateral nerve-sparing; UNS ϭ unilateral nervesparing.
FIG. 1.
Steady decline of the percentage of men who are potent preoperatively (5-item International Index of Erectile Function score Ն 22) in the study population based upon age cohorts. evaluation point very similar to non-nerve sparing. Technically, at the time of surgery we were satisfied with our physical result of "preserving" the NVB. However, at 9 months the loss of function was still 75-80%, and approximately 15 months into our experience we switched to a cautery-free technique 11 at case #126. Continued follow-up of the cautery group demonstrated that at ϳ24 months nearly 65% had return of sexual function. 12 Cautery-free technique. Figure 2b and Table 2 also depict the experience associated with our cautery-free technique with uni/bilateral nerve preservation. In contrast to our cautery ex- perience, we immediately recognized substantial return/preservation of sexual function (ϳ40%) at the first 3-month followup. This suggests that 4 of 10 patients not only had adequate physical preservation of the NVB, they also had minimal or no "trauma." On the other hand, 60% did have injury, but in 6 months 50% of these had recovered (for a total of 70%). As follow-up extends to 15 and 24 months, the percentage of sexual function recovery rises to ϳ90%. Figures 2c and 2d depict the time-line curves associated with bilateral versus unilateral NVB preservation with both techniques. Unilateral excision means that one nerve was preserved using a standard interfascial technique and on the other side the entire nerve was widely excised due to clinical factors such as high grade and volume of disease. Only wide excision is included in unilateral preservation; all other techniques where partial excision occurs on one, side is included as bilateral preservation. Table 1 indicates that in general about 15-20% of the patients needed wide excision. At all points of follow-up, there is a slight advantage to bilateral preservation. These data suggest that with a reduction of 50% of the nervous tissue, there was a drop of approximately 15-20% in return of potency.
NERVE-SPARING IN RADICAL PROSTATECTOMY 747
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DISCUSSION
Preservation of sexual function is an important quality-oflife issue in men undergoing radical prostatectomy. However, for surgeons to track their success and/or failure(s) with preserving sexual function, it is logical to focus on a defined group that has the optimal chance for sexual recovery, i.e., IIEF-5 22-25 and age 65 years or younger. Elderly men (Ͼ65 years) and/or men with sexual dysfunction are not optimal candidates for evaluation because they add uncertainties that are not identifiable or quantifiable. [5] [6] [7] 13, 14 The point of this study is to evaluate, for one individual surgeon, the relative impact of factors known or suspected to be a potential cause for transient or permanent nerve injury. The data in this study represent 1b level of evidence as defined by the Oxford Centre for Evidence Based Medicine.
Excisional and incisional injury
Essentially all experienced surgeons have had patients reporting complete return of sexual function after preservation of just one nerve. So clearly, in some patients there is enough crossover and/or compensation from one nerve to explain the potency results one would expect to see with two nerves. This of course begs the rhetorical question, do all men have "adequate" crossover and/or compensation?
Analysis of the time-lines according to unilateral preservation versus bilateral NVB preservation is noteworthy (Fig.  2a-c) . The curves are very similar (parallel), supporting the relative effect of nerve volume (unilateral versus bilateral) in the outcome (potency preservation) despite technique, cautery or cautery-free. In our cautery group, when compared to men with bilateral preservation, 75-90% of men with unilateral preservation had return of sexual function, i.e., 40/44 (91%) at 15 months and 50/68 (74%) at 24 months. The cautery-free group also demonstrates very similar (parallel) lines and at 15 and 24 months had similar results comparing unilateral to bilateral nerve preservation (i.e., 67/89, 75%; and 83/95, 87%). Whether using cautery or not, doubling the amount of cavernous nerve tissue (i.e., 2-fold) spared resulted in only 1. [15] [16] [17] Theoretically, cross-over or compensation presumably accounts for return of sexual function with the preservation of just one nerve. If cross-over, by itself, is responsible one would expect parallel lines between uni-and bilateral recovery. On the other hand, with compensation one would expect a substantial difference at 3 months between the unilateral and bilateral recovery and with time, accelerated improvement or convergence of the unilateral line toward the bilateral line. However, both cautery and cautery-free groups' time-line curves strongly suggest crossover because the uni-versus bilateral lines largely parallel themselves and there is no suggestion of convergence.
Cautery injury
Cautery energy (monopolar, bipolar, harmonic energy) is known to cause thermal injury to nearby neural tissue and is associated with decreased potency recovery. 12, 18, 19 If one looks at the time-line curves (Fig. 2b) , the data indicate a ϳ4.7-fold improvement in potency recovery in the cautery-free group at 3 and 9 months (i.e., 38/8 or 4.75-fold and 70/15 or 4.6-fold). As the neural praxia recovers with time, the difference diminishes to a 2-fold and then 1.5-fold improvement at 15 and 24 months, respectively.
In the cautery-free group, 40% of the men suffered either no or minor injury such that they reported "potency" at their 3-month evaluation. However, the remaining 60% had enough injury that they reported impotence. The cause of this is not established, but traction injury is suspected. Traction injury, typically, is reversible and as further evaluation of the timelines indicates, half of the remaining 60% recover over the ensuing 6 months. At 24 months, most of the remaining patients recover from injury to regain potency over the subsequent 12-15 months.
A potential weakness of this paper is the unknown impact that the learning curve may have played in the improvement in results between cautery and cautery-free techniques. However, after adopting the cautery-free technique, we experienced an immediate and dramatic change in 3-month potency recovery. 12 Additionally, when we evaluated our results over the first 125 cases, we saw no "learning curve" effect. In fact, we were 100% effective in preserving sexual function in three potent candidates in our first 15 cases. Finally, the findings regarding excision of an entire nerve (i.e., the lack of need of "precise" preservation) largely abrogates the impact of learning curve in potency preservation.
CONCLUSIONS
In our experience, by avoiding thermal energy we experienced nearly a 5-fold improvement of potency recovery at 3 AHLERING ET AL.and 9 months. Furthermore, although thermal energy induces a profound initial injury, by 24 months there is substantial recovery of the neurapraxia and sexual function. Interestingly, our data suggest from a technical view, volume of nerve preservation is not as critical as we initially believed. As noted, increasing volume of nervous tissue by 100% from one to two nerves only improved potency recovery rates by approximately 1.2-fold. The logic of this finding would seem to suggest the benefit of an intrafascial dissection and other such techniques that attempt to preserve 2-5% more nerve tissue would likely have little chance of increasing potency recovery and would certainly be outweighed by the risk of a positive surgical margin. Also, the mechanism for one nerve being able to function as two appears to be more in line with crossover than compensation. Lastly, the 60% of men with initial injury inducing impotence appears to be apraxia that recovers over 15-24 months. It may be traction or other injury or a combination of injuries or factors such as hypertension, medications, etc. It seems logical to focus on means to identify, prevent, and/or treat this injury or injuries. It may also suggest a cause of injury that seemingly responds favorably to "rehabilitation" with 5-PDE inhibitors, etc.
